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(Paper No. 2994.) 

‘ l  The Basic,  Open-Hearth,  Steel Process.” 
By TIIONA~ GILLOTT, M. Inst. C.E. 

Is the following  account of the  application of the basic, or Thomas- 
Gilchrist,  dephosphorization process to  the open hearth furnace, the 
Author  has confined  himself to  his own personal  experience, dating 
from May 1882, at  the works of the  Farnley  Iron Company, near 
Leeds. The basic  Bessemer  process is now well  known  and  esta- 
blished, and will probably be the most extensively  adopted  for the 
production of steel in  large  quantities for  general  use;  but, as 
in  the contemporary acid processes, the Siemens  furnace retains 
advantages for the production of exceptional  qualities, and  has 
the  further capability of dealing  with  raw  materials  which  are 
altogether  unsuited  for the Bessemer (basic) process. 

Pig iron most suitable for the basic Bessemer  process should 
approximately  contain,  according  to  Nessrs.  Thomas  and  Gilchrist, 
‘‘ silicon, 0 * 5 to 1 8 ; phosphorus, 0 * 8 to 3 ; sulphur,  under 0 3 ; 
manganese,  not  over 2 . 5  per  cent. ; ” and, in order to secure the 
necessary  heat, the carbon would probably  have to be 3 - ci per 
cent. ; but  in  the basic  open-hearth process the proportion of heat- 
producing  elements  need  not  be  high,  and  large  quantities of 
wrought-iron  scraps,  which  often  contain 0 * 2  per cent. of phos- 
phorus, and  are  altogether  unsuited for the acid process, may  be 
converted into  steel of high  quality  and  great  purity. 

After unsuccessful attempts  to produce a  high-class  steel in  the 
acid  process by  the use of hsmatite  pig for the  bath,  and  wrought- 
iron scraps, or  specially  puddled  iron  made  from  pigs in which 
phosphorus  was  comparatively high,  the  Author was instructed 
to  apply  to  the  open-hearth  furnace  the process which Messrs. 
Thomas  and  Gilchrist  had at  that  time  just succeeded with  in  the 
Bessemer converter. As no basic bricks,  excepting  such as were 
too costly  for  practical use, were  suitable  for  constructing the 
furnace  throughout, t,lle Author  consulted  chemists as to  mate- 
rials  which would be sufficiently refractory a t  a steel  melting 
heat,  and at   the  same time securely  isolate the dolomitic  lime 

J o n m n l  of the Society of Arts, vol. xxx. (1852), p. 648. 
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basin of the furnace  from the silica  walls above; so as to pre- 
vent  that  flusing of lime  and silica, and  consequent  destruction 
sf the furnace,  which would result from these  materials  being in 
immediate  contact. He was  advised that magnesia on the lime, 
alumina above the  magnesia,  and silica  brick-work  carried  up on 
the alumina,  would be secure ; so, after some trials,  bricks  were 
made  from  magnesite  containing 98 per  cent. of carbonate of 
magnesia,  and  others  from  bauxite of the  approximate composition, 
silica, 15, alumina, 82, lime, 1, peroxide of iron, 2 ; and  with  these 
the furnace was built  in accordance with  Plate 6, Figs. 1 t o  4. 

This  furnace  had been  previously  used in  the acid process for 
50- to %-cwt.  charges, and  was  altered to  suit  the basic process. 
At the  commencement the  Author recognised the necessity of pro- 
viding for the  removal of the slags in  the  early stages of the 
process, so that  the  banks of the  furnace  might b e '  preserved; 
and  any phosphorus transferred from the melted  portion of the 
charge to the slags could  be withdrawn, so as to  reduce  the  amount 
of purification at  the  later stages,  and  allow the  heat to  be  better 
employed  by  reducing the covering of slag on the  metal ; and  this 
provision haa3 proved very useful. 

The  building of the  furnace  was conducted as follows : the iron 
bottom-plates A and  the  bridge-plates B are similar t o  those used 
for the acid furnace ; brackets  bolted t o  the side-plates of the  fur- 
nace  support  the  brick-work  by  the plate C at  the level of the top 
,of the  lime basin, and  prevent  settlement of the  upper  brick-work 
in  case of any  shrinking of the lime  basin or fluxing  in work. 
The  metal  tapping-hole  and  spout  is at  D, and  two  slag  tapholes 
are  at higher levels E E on the opposite or charging side of the 
furnace. I n  other respects the  furnace does not differ from an 
ordinary Siemens furnace.  Bricks  made  from  maguesian lime, 
and of the  following  approximate composition : lime, 68 ; mag- 
nesia, 24 ; silica, 8 ; alumina  and oxide of iron, 10 parts ; are  burnt 
at a  full  white heat,  crushed,  mixed  with hot. tar in  a  mortar mill, 
and  are  taken  immediately  to  the  furnace  and rammed with red- 
hot  rammers  over  the  parts G on the furnace bottom-plates, wooden 
plugs  being  inserted  to  form the tap-holes, the  parts  marked EL 
being  walled in  the same bricks, and  grouted  with  material similar 
to  the  ramming.  The isolating courses I and K, of magnesia  and 
bauxite  bricks respectively, are laid on the top of the iron  brackets 
C on the sides, and across the ends of the basin orer  the plates E ; 
and the  shape of the  hearth is completed by  lime  ramming. 

The use of hot  rammers is necessary to coke the  tar; otherwise 
the lime  swells ancl falls  to pieces in about twenty-four  hours 
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after  mixing.  The  upper  part of the  furnace is then completed in 
silica-brick in  the  usual  manner,  the gas- and air-passages,  regene- 
rators, reversingvalves, &C., being  similar  to  those used in  making 
steel in the (acid)  Siemens-Hartin process. 

The  building of the  furnace  having been completed and  the  fur- 
nace  lighted, it will be sufficiently hot  in  about  seventy-two  hours 
for  forming  the  bottom,  and for this a full  melting  heat  is neces- 
"my. Well  burnt  and freshly ground magnesian  limestone is laid 
over the bottom  and  up  the sides, with not more than 10 per  cent. 
of  ground fire-brick added, so as  to just flux the  lining sufficient 
for binding  the  layer  forming  the furnace-bottom. The wooden 
plugs for  forming the tap-holes  are  burnt out, and the holes are 
stopped  by  dry  lime only, or dry lime  mixed with  a  small  quantity 
of powdered coke. The gas- and  air-ports  should be so arranged 
as to throw  the flame well  down on the bottom, so that  the  heat 
may be sufficient to  allow of the  smallest possible admixture of 
silicious flux. 

The  furnace is then  ready,  and  the  operation is thus conducted : 
fresh  and  well-burnt  lime  (that used was  from  stone  containing 98 
per cent. of carbonate of lime), about  one-twentieth to one-tenth 
of the  weight of the  pig iron, is  laid  upon  the  bottom of the 
furnace, the  pig is then  charged,  and  the  wrought-iron  or  steel 
scraps  are  put on the top of the  pig,  all  being cold. The whole of 
the charge  if  possible is placed in  the furnace at  the commence- 
ment ; feeding  afterwards is always avoided when the  state of the 
furnace  will  admit. I n  three  or  four hours, the  pig  being  melted, 
the charge  will  have sunk so as  to  enable some slag. to be tapped 
off. The first  slag is generally  very fluid, and more or less so as 
the silicon in the  pig is higher  or  lower ; consequently  the sides of 
the  hearth  are  far  better  preserved  by  getting  rid of the more sili- 
cious  slag a t  an early  stage,  and before the  full  heat is reached. In 
three  and  a  half to six hours, the  time  being  dependent on the 
proportion of pig  to scrap, the whole  charge  will  be  melted,  more 
slag  can  be  taken off if required, some lime  added if  the  slag is 
very fluid, and  ore  with  the  lime if the proportion of pig  to  scrap 
is high.  When  boiling  has ceased and  after  the  bath of fluid 
metal  has been  well stirred,  the  metal  may  be sampled. The 
samples  are  taken  from the furnace in a ladle,  cast into  an  ingot 
about,3 inches in diameter  by 2 or 25 inches  thick, and flattened, 
when  sufficiently cool, under  a  steam  hammer  into a plate 2 inch 
thick. This  is  quenched  in cold water  and  then  bent double, broken 
in two pieces and  the  larger  portion  broken again.  When the meta.1 
is sufficiently pure  these  samples  are so tough as  to be scarcely, but 
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nearly,  broken  through  by  being flattened  close; the  fracture is 
generally  free from crystals, of  good colour, and uniform.  Crystals 
in specks are sometimes found, but  when  regular  as  regards size, 
and  equi-angular  to the naked  eye as  regards  shape, the presence 
of crystals does not  always  indicate less purity  than does their 
absence. Long  streaks  in  the  fracture,  dark colour, with little 
toughness, are more certain  indications of the presence of phos- 
phorus. The sample  being  satisfactory, the slag  may  be removed ; 
but  at  this period it is  generally too pasty  to  run, therefore it is 
withdrawn  by  raking  through  the  centre dooi- which is placed 
4+ inches lower than  the  two  end doors. About 5 per cent. of 
hematite pig is then charged through  the  end doors  on t,he 
bridges,  which pig  when melted causes the  metal  in  the  bath  to 
boil more or less violently  for  about  fifteen  minutes.  After  this, 
fifteen to  thirty  minutes  are allowed to elapse, and  any excess of 
slag beyond what is required to cover the  metal  in  the  casting 
ladle is removed, when the  metal  in  the  bath  is  ready for adding 
spiegel or ferro-manganese, and  tapping.  The addition of hama- 
tite  pig causes a  thorough  agitation of the  bath  far beyond what 
can  be done by  stirring  with  an  iron  bar ; and  every analysis the 
Author  has  had made proves  a further removal of phosphorus by 
the addition.  There  is  a  drawback, however, to  this on  account  of 
the occasional failure of parts of the basin during  the after-boil, 
which causes a further boiling out of the bottom or sides of the 
basin in  the neighbourhood of the  failing place. Sometimes the 
tap-hole  stopping commences to work  out during  the  after-boil; 
and these  accidents are  generally  due  to some of the  lime used 
for  repairs, or stoppings,  being  imperfectly burnt ; or it has been 
partially  slaked  during, or after,  grinding.  The  Author  has  tried 
several timeA to secure the  quality of steel aimed at  without  adding 
pig  at  the  end of the purification, but  the results  have been uncer- 
tain  and  irregular. I n  only one instance  has the Author  obtained 
evidence of re-phosphorization on adding the ferro-manganese after 
adding  hwmatite  pig. In this case the sample that had been fla,t- 
tened,  quenched, and broken,  tested 0.104 per cent., and  the sample 
from the finished steel showed 0 122 per cent. of phosphorus. In 
other cases where the  two respective  samples  were  tested for phos- 
phorus, the reduction per cent.  averaged 0.016, and  varied from 
0 * 008 to  0 * 025 less phosphorus than  the  trial samples  contained. 
When  quite  satisfactory  the  trial  samples show 0.06 to 0.07 per 
cent. of phosphorus. 

The  Author  has  always added the ferro-manganese in  the furnace, 
as the rcaction is solnewhat too violent  to  permit of addition  being 
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made in  the casting-ladle after  the  metal  has been tapped;  and a 
more uniform mixture  is secured by  adding  in  the furnacc. 

A small  quantity of slag  is  usually  left on the  metal so as  to 
cover the steel in  the ladle  and  avoid  chilling  while  pouring the 
ingots. Some  of this  slag  is  nearly  always  left on the furnace 
bottom, and is raked out at  the door; and some also remains in 
the tapping-hole. If  the  slag  be  not removed immediately, the 
clearing of the tap-hole is a troublesome operation, and for this 
purpose a door  opposite to  the tap-hole  is  absolutely necessary. 

After  casting  the  metal  and  raking  out  the  slag,  the bottom 
and sides of the furnace-basin are  repaired  by  magnesian h e ,  
well burnt  and finely  ground, and  any holes that may  have  been 
formed during  working  are  carefully filled with  the same kind 
of material. The  gas  is  turned on to fix the lime  by semi-fusion 
with  the surface of the basin, the tap-hole is stopped, and  the 
furnace is ready for another  charge in  from  one hour to  three 
hours  after  the  cast’ is over. The  slag  adhering  to  the bottom 
of the furnace  requires occasional removal by  melting cff with 
fluxes, or breaking  away ; otherwise the capacity of the furnace 
is reduced and  the  level of the  metal  unduly raised. 

The  quality of metal  which the  Farnley  Iron Company desired 
t o  produce  was that  which possessed the maximum guctility  when 
cold, together  with  the  capability of sustaining,  without  failure  or 
injury,  the severe tests  required  by the most di5cult flanging  and 
welding  when  hot. Jn this respect, the results of the mechanical 
tests  which  will  be  submitted  are a sufficient proof of success ; the 
chemical features  will be dealt  with  separately.  But it may  here 
be  remarked that  Farnley Best  Yorkshire cold-blast pig iron  has 
been the only  phosphoric pig  iron  used;  and  being EO low in 
silicon and  sulphur,  regular  in  quality,  and more free from sand 
adhering  to  the  pig  than  the cheaper  hot-blast  irons,  a  large 
portion of the successful results  obtained must be  credited  to the 
principal raw  material used. 

Two typical  casts  will now  be given, (229), one in which pig 
with a small  admixture of wrought-iron  scraps  was worked with 
ore;  and  another (375), with less  pig, more scrap, and no ore. 

No. 229.  Charge 6.30 A.X. 
29th June, 1882. ,, 

2.45 P.M. 
3.10 ,, 
3.25 ), 

Tons. cwt. qm. lb. 
Farnley No. 3 pig. . . . 1 8 0 0 

Hematite pig, No. 3 . . . 0 2 0 0 
Spiegel, 18 per cent. Mm . 0 1 1 0 
Ferro-Mn., 53 per cent. . . 0 0 1 5 

2 0 0 5  

Steelscrap. . . . . . 0 8 2 0 

-~ 
--- 
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Commenced adding ore and  lime at 10.30 AS, 4$ cwt. Sommo- 
rostro ore, and 13 cwt. burnt  lime ; 2 cwt. of slag  run off 2.40 P.M. 
Sample  flattened, quenched, broke  tough,  without  any crystals in 
fracture : 34 cwt. of slag removed. Cast 3.28 r.31. One 15  inches 
square,  and one 12 inches  square, full ingots.  12-inch  ingot  ham- 
mered  into  a  slab  and rolled into  a  plate  8 * 10 X 5 -44 X + inch 
bare. Strips from plate  heated  red,  quenched,  bent cold, and 
closed to 3 inch  between folds without crack. The plate, after 
annealing,  was  bent to 2 feet 9 inches  diameter, w-elded longi- 
tudinally,  and  flanged at  both  ends  without crack or failure. 

[Tests  and analysis are  given  afterwards.] 

No. 375. chargo 6.30 A.M. Farnley No. 3 pik . . . 0 17 0 0 
Tons. cnt. qrs. Ibs. 

5 ,  Common  wrought-iron scrap 0 6 0 0 
2 Wrought turnings . . . 1 2 0 0 

1.20 Hrematite, No. 3 . . . . 0 2 0 0 
.. Ferro-Mn.,71 per cent. . . 0 0 2 19 

2 7 2 1 9  

4 cwt. of slag  taken off, and  about 16 cwt.  left on metal, 
1.10 P.M. Sample  flattened,  quenched,  broke v e r y  tough; no 
crystals  in  fracture. 

Ton cwt. qra. Ibs. 
Cast 2.25 P.M., 1 ingot, 19 inches square . . 1 17 0 2G 

1 piece, 12 inches square . . 0 5 2 14 

Hot  and cold tcsts satisfactory.  Phosphorus in finished  steel 
= 0.056 per  cent. 

The  design of the furnace  is  in several  respects  unsatisfactory 
for basic work. When  lime is added  during  the  melting,  small 
quantities, carried by  the  draught on the faces of the silica  bricks 
forming the ports, rapidly flux the gas- and air-passages,  which 
causes a silicious liquid  to  trickle  down across the furnace,  and a 
further  fluxing of the lime  basin on the top of the bridge-plates E 
is occasioned by the droppings  from the faces of the ports. The 
Author  has  not  yet succeeded in making a lime  brick that  will 
withstand  the  current of gas and  air,  and  the cooling down of the 
furnace  after  tapping.  Under  the combined effects, disintegration 
of the lime  brick occurs, and any  failure of the ports must  be 
repaired at  once-for which the furnace  has  to be cooled  down. 
Usually the ports  need repair  after  eighteen  to  twenty-one days’ 
work;  the side wall on the  tapping side lasts  about  twice  as  long 
aR the ports, and the crown of the  furnace  in  the  centre  requires 
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minor  repairs at  the same time as the side walls. Showers of" 
minute  sparks, with brown smoke at  the chimney-top, are  given 
off in  the  later stages of the process ; and  the  regenerators  require 
cleaning  out  after  sixty  or  seventy casts. The  slag tap-holes in  
the furnace used are too near  the  jambs between the  charging 
doors, but from the arrangement of the furnace no other position 
could be  found  for  them. 

To remedy  these inconveniences, the Author  has  designed 
another  furnace  (Plate 4, Figs. 5 to g), in which the gas- and  air- 
passages are  carried up outside the  hearth  and  in  separate casings, 
so that  they  may  be changed and  the  inlets  repaired  without  cooling 
down the furnace. This  arrangement of gas- and  air-ports  has 
been patented  by Messrs. Hackney and Wailes. Three doors for 
charging ancl repairing,  and  two slag-spouts are provided  on the 
opposite  side to  the tap-hole  for the metal,  and two sight-holes, 
L L, for inspecting  the  furnace while  working. The other  reference 
letters  apply  to  the same parts  as  the  furnace before  described. 

Owing to  the  very soft quality of steel produced, the  heat 
required is nearly as great  as Sheffield silica  bricks are  able  to 
withstand ; so long  as the  slag can  be kept clear of the magnesia 
and  bauxite  bricks  they  have been satisfactory,  and, but for their 
great cost, magnesia  bricks would doubtless  be  much better  than 
silica  bricks  for the faces of the ports. The waste is not excessive ; 
taking  the more recent  work,  without  charging or crediting. 
slrulls  and  pit-scrap, the results  are  as  under :- 

CASTS 302 to 405 (inclusive). 

N c ~ t e ~ i c t l s  charged. 

Farnlcy pig iron 90 8 0 0 
Tons. cwt. qrr. 1 1 ~ .  

Hematite ,, . . . . . . .  9 1% 2 0 
Iron and steel scrap . . . . . .  130 5 0 16 
Ferrc-Mn. . . . . . . . . .  4 14 2 14 

. . . . . . .  

The  total  weight,  including spare metal, of ingots producecl. 
from the abox-e is 219 tons 6 cwt. 3 qrs. 261bs., or  about 93 per 
cent, of the  raw materials.  About 9 cwt. of raw dolomite per 
ton of ingots  has been  used  for the repairs of the furnace, as 
deducecl  from the work done during one year. 

The following  mechanical tests  are from  casts of the numbers 
annexed ; nearly  all  the  plates  have been for boiler-work requiring 
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difficult  flanging ; excluding some three or four  accidental casts, 
they  are  a  fair  average of the  quality of steel. 

.Breaking 
weight 

square 
inch. 

Tons. 

per 

-- 

25.89 

22.29 

24.96 

23.00 

24.16 

23.92 

25.98 

26.68 

26.68 

24.07 

24.76 

Elongation in inches. 

Ucscription of I'iecc tested. 

NO. 220 ]'late from ingot 12 inches 
square; size, 2.015 inches X 0'46 l {  inch. 

31.25  34.06 I 53.12 ' 62.90 ingot;  billet turncd to l-inch  dia- 
~ No. 2.12. Axle from 15 inclles square 

NO. 245. l'late from 12 inches  square 
I meter. 

62.53 ' 1  ingot; sizo, 2.03 inches X 0.37  
I I inch. 

30.00 1 31.25 

l 
27.50 ~ 30.47 

28.12 , 34.18 

24.27 ~ 26.56 

23.75 1 25.00 

I 

26.25 25.47 

28-75 31.25 

62.50 

.. 
59.35 

40.62 

43.75 

53.12 

50.00 

ingot; size, 1.99 inch X 0.755 
So.  216. Plate from l 5  inches square 

inch. 

56.53 1' L 0. 289. Plate from 15 inches square 
ingot; size, 2.035 inches X 0.59 I , I  inch. 

No. 304 Plate from 19 incl~es  square 
58'25 { ingnt; size, 1'52 inch X 0.68 inch. 

No. 305. Billet from axle from 19 
inches square ingot, turned  to l 

ingot ; size tested, 1.765 inch X 
No. 313. Plate from 19 inches square 

I inch diameter. 

l 0.69-inch. 
No. 315. Plate from 2 feet 3 inches X 

inch X 0.705 inch. 
1 font illgot ; size  tested, 1.52 

No. 345. Plate from 19 inches  square 
ingot ; size  tested, 2 inches X 

l 0'565 inch. 

27-99 I 30.62 1 53.12 ' 55.49 
1 l i Average. 

All the test-pieces were  parallel for a  length of 11 inches, plates 
being machined on the edges only; a space of 10 inches  long 
was in  every case divided into 10 equal  parts.  The cases in which 
a  length of 2 inches  adjacent  to  the  fracture showed a  greater 
elongation  per cent. than  the contraction of area  per cent., are 
explained  by  the concave shape of the  ruptured edges, so that 
when the pieces were  joined for measuring the elongation, the 
fractured  edges  were in contact at  the sides only;  and  the  true 
elongation is consequently less than  the distance  between the 
points, from which  the percentages in the  Table  are calculated ; 
this only occurs with  rectangular sections. 
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The  pig  irons used were of the following composition :- 

ISALYSIS by J. 0. ARAOLD, F.C.S., Inox MAKEB. 

Fnrtrley. 

93.311 
by dili'ercnre 

3 .250 

0,392 

1.243 

0.013 

0.601 

1.1SS 

-~ 

.. 
100~000  100~000 

l 

The -nought-iron  scraps  used were  not  all of high quality,  and 
would average  not  less than 0 . 2  per  cent. of phosphorus; con- 
sequently  charges 229 and 375, before given, would respectively 
contain 0.46 and 0 * 35 per  cent. of phosphorus at  the commence- 
ment, the samples taken from the casting-ladle in both cases 
showing that  the phosphorus  had been reduced to 0.067 and 0.056 
per  cent.  respectively. Other phosphorus tests from casts for 
which the charges  were  similar to 375, the selection  being made 
from a  number,  are  as follow :- 

{P. per cent. 0.065 0.078 0.090 0.097 0.092 0,OSG 0 2 k )  
Casts, No. 242 2 i 1  273 274  275 276 

Casts, Xo. 287  300 301 305 335 336  340 348 351 l, 
P. percent. 0,076 0.053 O.OS2 0,050 0.083 0.07G 0.064 0.079 0.053) 
Casts, No. 3.52 360 375  382 383 402 1 
P. percent. 0.060 0.011 0.056 0.055 0'056 0,0621 

All the foregoing  phosphorus tests were from ladle-samples taken 
after  tapping,  except No. 305 which  was  drilled  from  a finished 
forging; some  of those  given are of casts  whcre the phosphorus 
was expected to be  somewhat  high. 

The Author  is  indebted  to Mr. J. 0. Arnold, F.C.S., for all  the 
analyses of metal  and slags,  excepting that of the  hematite pig. 

1 The Journal of the Iron ancl Steel Institute, 1879, p. k%. L / z .  
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;\S in threc samples of Farnley  pig  iron  sent  to  other chemists, 
the phosphorus wa.s respectively returned  as 0 38, 0 * 317, ancl 0 2 9  
per  cent.,  and also as the percentage of phosphorus in  the finishcd 
xteel appears high compared with  the published  results of  basic- 
Bessemer  work, the  Author requested Mr. Arnold  to  furnish  him 
with  an account of the method by  which  thc phosphorus w a s  
estimated, and his note is $1-en in  an Appendix to  this com- 
munic  a t' 1011. 

The order of removal of phospllorus is evidently  different  from 
that mhieh it has bccn shown to 1~c  in  the Bessemer converter. 
In thc  latter process it has bccn  proved that  the phosphorus is not 
eliminated  to any  great  extent  until  the carbon and silicon 11aw 
ahnost disappeared ; consequently the  Author was scarcely  prepared 
to  find so small an amount as l e974  per  cent. of phosphoric acid in  
the final  slags of charge No. 220. He therefore  took  a  sample of' 
slag from KO. 301, which  had been run off after  the pig was fluid, 
but before the  scraps were  melted, and  this sample  when  tested 
afforded 5.087 pcr  cent. of phosphoric acid. 

-Ilthough samples of mctnl  have been taken  when  the whole 
charge  was  melted, and before boiling commenced, the phosphorus 
i n  the melted metal  was  always found to be  mnch  lower  than the. 
cllargo was  known  to  contain  originally,  proving that  the elimina- 
tion of phosphorus in the basic open-hearth process  commences iu 
the  early  stages. 

With respect to  the removal of sulphur,  the  results were not so. 
encouraging. The following  Table  gives three tests; ( a )  when 
the chargc  was  all  melted; ( b )  from the flattened test sample ; 
ancl ( c )  from thc finished steel. They  were  taken from casts in  
which  scraps  known to  be  high  in  sulphur  were purposely  tried. 

So. of Cast 

213 

214 

223 

227 

Xone of these  charges  were  satisfactory  under the hot  tests. 
The evolution of sparks  and brown smoke has been  before 

referred to, and  as  the  Author in several  instances was unable t.0 
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balance the phosphorus in the charge  with  that contained in  the 
slags  added to  the phosphorus left  in  the finished steel, he took 
samples of the deposits in  the regenerators. One sample from the I 

gas  regenerator  contained  4.741  per  cent.,  and  another sample 
from the air-regenerator  gave 2 -995 per cent. of  phosphoric a.citl 
(P206), the  other  constituents  being S,O,, Fe203, CaO, and MnO. 6 *z 

These  deposits  appear to indicate that some of the phosphorus 
leaves the furnace  otherwise than  with  the slags. 

Three analyses of  finished steel  are  furnished from charges  that. 
have  been  already  given in  detail : one sample (229) was taken  by 
a sample-spoon  from the casting-ladle, but  the  other two, Nos. 245 
and 345, both  similar  charges,  were  drilled from the specimens 
tested in  the machine, the tensile  strengths, &C., of which are 
inchled in the  Table of tests. 

- 
~ 229. ---- 
~ Percent. 

Carbon . . . 1 0.240 
Silicon . . . trace 

Sulphur . . , 0.060 

Phosphorus . 
~ 0.067 

, 

s a .  216. ~ No. 345. 
~ 

Per cent. ' Per cent. 

- 

0.140 

trace 

0.140 

0.056  0.050 

0,037 ~ 0.074 

0 ' 004 

Manganese . 0'526 0.191 0.595 

A quantity of slags from pig and scrap  charges  similar t u  
Nos. 245 and 345, all being taken from  those run off before the 
final  additions and ground  up,  gave on analysis S& 17 *830, and 3;  
P@, 2 726 per cent. ; and a complete  analysis of slags tapped  out 
of the furnace with  the met,al, and consequently  taken after  the 
additions of  haematite pig  and ferro-manganese is given below. 

Per cent. I 
P,O, . . . 0.806 I ChO. . . . 39.700 

Per cent. 

S,O, . . . 13.640 ' MgO . . . 11.750 
l?e,O, . . . 1.370 

S . . . . 0.119 F e O .  . . . 18.571 
MnO . . . 5.7G2 

Al,O, . . . 2.235 Alkalies and loss 3.047 

100~000 

The  Author  has purposely  omitted the question of cost, but it 
may  be  stated that  the process is mpre expensive as regards  furnace 
repaira, and greater  attention is required in working,  although the 

X 2  
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number of n ~ c n  employed at  the  fwnace is not  greater  than 
required by the acid  process. The  preparation of the  lnaterial 
for repairs,  namely,  calcining  and  grinding  dolomite, and burning 
limestone for adcling, is  not a part of the  duties of the melters, 
and  involves greater expenses than those for corresponding work in 
the Siemens, or Siemens-Martin processes. 

For  the production of exceptionally soft steel of great  purity, 
; ~ n d  the  utilization of much  wrought-iron  scrap  and  certain  kinds 
uf phosphoric pig  that  in  the  present acid processes are useless for 
good steel,  the basic  open-hearth process  offers peculiar  advantages, 
and  will doubtless be further developed in  the  fnture. 

The  raper is  accompanied by several  tracings, frmn which 
Plate 6 has been prepared. 
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